1. Introduction {#s0005}
===============

Chronic constipation is a common clinical symptom, and the causes of chronic constipation can be divided into two types: functional and organic causes ([@b0020]). Functional etiology refers to the lack of organic etiology, no structural abnormalities or metabolic disorders, and the exception of irritable bowel syndrome chronic constipation. Organic causes can be caused by gastrointestinal diseases, systemic diseases involving the digestive tract such as diabetes, scleroderma, nervous system diseases, and many drugs can also cause constipation. The main clinical manifestations of the two causes are long defecation cycle, intermittent defecation, dry and hard fecal quality, difficulty in excretion and other symptoms ([@b0065], [@b0060], [@b0035]). Where, slow transmit constipation (STC) is the most common ([@b0055], [@b0005]). STC is mainly characterized by poor colon peristalsis and a large delay in excretion. The immediate cause of the disease is unknown. Studies have found that with the occurrence of STC, the clinical parameters of factors such as colon ganglion cells and ICC all change in vivo ([@b0025]). A large number of relevant studies have revealed that the causes of STC are closely related to the distribution and form of ICC as well as the ganglion cells in the colon, and it has been found that the reduction of the number of these two types of cells and the changes in cell morphology can lead to the occurrence of STC in patients and the obstruction of gastrointestinal functions. Therefore, the role of ICC in the pathogenesis of STC has attracted more and more attention ([@b0070]).

Currently, laxatives are mostly used for the treatment of STC constipation, which is harmful to human body. However, Chinese traditional medicine is mild to the body, and the human body has a good tolerance to Chinese traditional medicine ([@b0015]). Therefore, it is of great meaning to study the mechanism of combining traditional Chinese medicine with the treatment of CTC to explore the mechanism of STC. From the perspective of Chinese medicine, the location of constipation is mainly in the large intestine, but it is also closely related to the dysfunction of the lungs, liver, and other organs. For different patients, different pharmacies should be provided for recuperation. For the constipation patients with deficiency of vital energy, tonic drugs should be taken and supplemented by the tea that moistens intestinal tract. For the patient with qi constipation, stagnation drug should be given. For patients with cold constipation, warming laxatives should be given, and for patients with hot constipation, aperient for clearing heat should be given ([@b0050]). Application of Chinese medicine in clinical treatment of constipation is good, the efficiency can reach 90% or more. However, the mechanism of tong bian decoction in treating constipation is not clear ([@b0045]).

Based on the above conditions, a CTC rat model was constructed to analyze the inhibitory effect of Chinese herbal tong bian decoction on autophagy of ICC. The rat model of CTC was constructed by subdivision circulatory increasing operation gavage method of rhubarb. After the successful establishment of the model, the rats were divided into normal group, MG, tong bian decoction gavage group, mosapride group and normal recovery group. The rats in the experiment were then sacrificed. Finally, the transfer function of the colon was detected by activated carbon method, the number of fecal residue particles in the colon was observed, and the changes of c-kit mRNA gene expression were detected by real-time quantitative PCR method.

2. Materials and methods {#s0010}
========================

2.1. Modeling of experimental animals {#s0015}
-------------------------------------

A total of 50 female SD rats of 6 weeks old, with an average body weight of 210 ± 5 g, all purchased from Shanghai Slack Laboratory Animals Co., Ltd. They were kept in the laboratory, where the room temperature (RT) was kept at 16--5 °C and the relative humidity was kept at 40--60%. Feeding was provided by a biological company and the model was started after 7 days. Fifty SD rats were induced into STC model.

Firstly, the rats were raised in cages and the model was built after a week. Model rats were weighed every day, and each group was given laxative gavage according to their weight (rhubarb subdivision). Before each gavage, the temperature of the rhubarb solution should be controlled at about 30 °C to prevent other damage to the rats caused by excessive temperature. The first dose of rhubarb subdivision was 130 mg/kg·d, followed by daily gavage in 100 mg/kg·d increments, and the rats were observed. When nearly half of the rats started diarrhea, the sub-dose was administered until more than 90% of the rats stopped diarrhea. This was followed by daily increments of 100 mg/kg·d. When more than half of the rats started diarrhea, the dose was maintained until the diarrhea was stopped in more than 90% of the rats, and the dose was increased. Rhubarb subdivided gavage was performed by circulating rhubarb three times, and when more than 90% of the rats stopped diarrhea in the third time, the rats were given gavage at this dose for 7 days, and then stopped gavage rhubarb. According to the above methods, 40 rats in the MG were induced into CTC model, which means the model was completed. The experimental modeling lasted for 100 days.

2.2. Experimental grouping and treatment methods {#s0020}
------------------------------------------------

According to [Section 2.1](#s0015){ref-type="sec"}, after successful modeling, the rats required in this experiment were divided into 5 groups, that is, normal group, MG, tong bian decoction gavage group, mosapride group, and normal recovery group. The intervention methods for 5 groups of rats were as follows.

Normal group: the rats were fed with normal diet and given free drinking water every day. They were fed at the same time with the MG and performed death treatment together with the MG.

MG: after successful modeling according to the method in [Section 2.1](#s0015){ref-type="sec"}, the rats in this group were performed death treatment together with the NG for 10 days. It was forbidden to feed the rats in the MG, but drinking water was not prohibited, and death treatment was carried out after 12 h. And activated carbon gavage was used to detect the transmission function of the colon, observe the changes of c-kit mRNA gene expression from the colon tissues and the number of fecal particles left in the colon.

Tong bian decoction gavage group: after successful modeling according to the method in [Section 2.1](#s0015){ref-type="sec"}, the rats were given lavage of defecation soup every two weeks. The tong bian decoction dose was 15 mL for 1 month, a total of 4 weeks.

Mosapride group: after successful modeling according to the method in [Section 2.1](#s0015){ref-type="sec"}, the rats were given mosapride lavage every two weeks. The mosapride dose was 1.60 mg/kg for 1 month, a total of 4 weeks.

Normal recovery group: after successful modeling according to the method in [Section 2.1](#s0015){ref-type="sec"}, no drugs were given, natural feeding, unlimited food and water were allowed.

2.3. Detention of general observation index {#s0025}
-------------------------------------------

General observation is the observation of the rat's fur luster, mental state and range of motion. The weight of the rats was counted every 3 days in the first month and every 7 days after that.

Indicators of water content in rat feces: rat feces should be collected every 3 days, with a total of about 10 grains of wet heavy feces. The collected manure was then dried in a drying box. The drying temperature of the drying box was set as 100 °C, the drying time was set as 20 min, and the sample weight change was less than 0.5 g as the limiting condition. When the drying reached the standard, the feces were quickly taken out and weighed to calculate the moisture content of the feces.

Number of fecal cases in colon: the rats were treated with death, and the number of feces in the whole colon was counted by laparotomy.

Carbon terminal propulsion experiment: it detects intestinal transit function. The entire intestine was removed from the pylorus to the end of the rectum and placed in the tray. The length from the pylorus to the anus was the total length of the intestine. In a relaxed state, the length of the intestinal tract and the activated carbon suspension were measured to calculate the propulsion length of the activated carbon suspension and the propulsion length of the intestinal tract ([@b0050]). The calculation formula is as follows.$$C_{T}{\text{(100\textbackslash\%)\ =}\mspace{6mu}}\frac{L_{\mathit{TY}}}{L} \times 100\%$$

Among them, $C_{T}$ represents the percentage of carbon terminal propulsion; $L_{\mathit{TY}}$ indicates the distance (cm) between the carbon front end and the pylorus; and *L* represents the total length of the intestines.

2.4. Specimen collection {#s0030}
------------------------

The tong bian decoction gavage group and the mosapride group were both drug administration groups. At the end of one month, the rats in the treatment group were treated to death at the same time as those in the normal recovery group. Specifically, the rats were forbidden to eat for 12 h without forbidding water, followed by 1 h gavage with 5 mL 10% activated carbon solution, and the rats were killed by cervical dislocation. A quick laparotomy was performed to extract 150 mg of fresh intestinal wall tissue 2 cm from the cecum. After it was washed quickly in PBS, it was immediately put into 750 mg RNAlater, that is, RNA stabilizer, and stored at 4 °C for experimental observation.

2.5. Immunohistochemical detection of ICC {#s0035}
-----------------------------------------

After fixing the colon tissue of rat with 10% paraformaldehyde solution, the paraffin blocks wrapped in the tissue were cut into sections with a thickness of 4 μm with a microtome. After baking at 70 °C for 2 h, conventional xylene solution was adopted for dewaxing, and then 100--60% gradient ethanol solution was used for tissue rehydration. After rinsing with PBS, the tissue was treated with high pressure repairing antigen by adding citrate buffer. 3% hydrogen peroxide solution was added, cultivated at RT for 10 min, and washed with PBS. Primary antibody was added and cultivated in a wet box for 2 h, then washed with PBS. The secondary antibody was added dropwise, cultivated at RT for 30 min, and rinsed with PBS. The DAB coloring solution was added dropwise, and the color was developed for 5 min and rinsed with pure water. Hematoxylin was used for counterstaining, and after the tap water was returned to the blue, the sample was sealed with a neutral gum. The staining status of ICC positive cells was observed under an optical microscope, and the area of ICC positive cells was detected by Image-pro plus6.0 software.

2.6. Detection of c-kit-mRNA by real-time quantitative PCR {#s0040}
----------------------------------------------------------

In this study, 160 mg colonic tissue was extracted, and RNA was extracted by soaking colonic tissue in BNALater liquid with Trizol method. The detailed steps for extracting RNA were as follows. Firstly, in the full dissolution stage, the colon tissue treated with DEPC was cut to pieces with surgical scissors, and 1.5 mL of Trizol liquid was added. The colon tissue fragments were fully mixed with Trizol liquid until the colon tissue fragments could not be observed by naked eyes. Secondly, in the centrifugation stage, the mixed solution was allowed to stand for 15 min at RT, and 0.2 mL of chloroform was added to the solution. The solution was transferred to the centrifugal tube to be covered tightly, and placed in the magnetic agitator for full oscillation for 30 s and then allowed to stand for 5 min. The solution was centrifuged for 15000r/min at a temperature of 5 °C for 15 min. After centrifugation, the supernatant in the centrifuge tube was transferred to a new centrifuge tube, and 0.8 mL of isopropanol was added to the new centrifuge tube. After standing at RT for 15 min, centrifugation was performed at a speed of 15,000 r/min and a temperature of 5 °C for 15 min. The centrifuge tube was removed, the supernatant was sucked away by a straw, and 0.8 mL of 75% ethanol solution was added to the centrifuge tube. After uniform mixing, centrifugation was performed at a speed of 15000r/min and a temperature of 5 °C for 10 min. The tube was removed, and the supernatant was removed and dried for 10 min. Finally, in the extraction phase, 25 μL of RNA-free enzyme solution was used to obtain the total RNA from the colon.

In this experiment, RNA was mixed with DEPC solution, 2 μL of RNA and 98 μL of DEPC solution were taken, and the absorbance of RNA samples at 260 nm and 280 nm was compared by ultraviolet spectrophotometer.

2.7. Data statistics method {#s0045}
---------------------------

SSPS 20.0 was adopted to process the experimental data, which were represented by mean ± standard deviation ($\overline{X} \pm s$). P \< 0.05 was considered as the difference, indicating statistical meaning. For Ct value, the $2^{- \Delta\Delta\text{Ct}}$ method was adopted, namely, the gene expression rate of normal rats was set to 1 as the reference, and the data were finally analyzed in multiple relation.

3. Results and discussion {#s0050}
=========================

3.1. General analysis {#s0055}
---------------------

The modeling time of this experiment was 100 days, among which the gavage took 90 days, and the gavage observation took 10 days. Three of the rats died during the establishment of the model, and it was found by autopsy that the death of the rats was due to the improper operation of gavage, which damaged the organs of the rats. [Fig. 1](#f0005){ref-type="fig"} shows the weight change curves of mice in the NG and the MG. It can be observed from [Fig. 1](#f0005){ref-type="fig"} that in the first 45 days, the weight growth rate of mice in the NG and the MG was almost the same. From day 58, the weight gain of the mice in the MG began to slow down, slower than the NG of mice. Over time, weight gain and change in the NG was remarkably higher than that in the MG. Through observation of the mice, it was found that the mice in the MG were depressed in spirit, had reduced food intake, drank too much water and made more urine, which presented yellow color. Two mice had blood in their stools, and another one had anal prolapse. No laxative drug residue was found in the colon tissue extraction of the two groups of mice.Fig. 1Body weight changes in rats in the NGand MG.

3.2. Analysis of changes in water content of rat feces {#s0060}
------------------------------------------------------

In this research, a SCT-type constipation rat model was constructed by the tong bian decoction enema. Three cycles of water content in rat feces were successfully completed in the experiment. After the MG stopped enema for 10 days, it was found that the fecal water content of rats was remarkably decreased compared with that of the normal group, so the difference in fecal water content was statistically remarkable. Changes in water content of rat feces within 100 days were detected, and the results were revealed in [Fig. 2](#f0010){ref-type="fig"}. It can be observed that the water content in the feces of normal rats revealed a waveform change with the passage of time, while the water content in the feces of rats in the MG was in a stable state.Fig. 2Changes of fecal water content in rats in the NGand MG.

As can be observed from [Fig. 3](#f0015){ref-type="fig"}, there was no remarkable difference in the water content in the feces of rats of each group before the drug intervention (P \> 0.05). 7d after the intervention of tong bian decoction and Mosapride, the water content in feces of rats in the laxative decoction group was remarkably higher than that in the normal recovery group (P \< 0.05), and the water content in feces of rats in the Mosapride group was also remarkably higher than that in the normal recovery group (P \< 0.01). At 15d to 30d after intervention, the fecal water content of rats in the tong bian decoction group and the Mosapride group was remarkably higher than that in the normal recovery group (P \< 0.05). Therefore, the feces of STC rats were still dry, indicating that the water content in the feces of STC rats could not naturally return to normal.Fig. 3Changes of water content in feces of different groups. Note: \* indicated a remarkable difference compared to the normal recovery group, P \< 0.05; \*\* indicated that there was an extremely remarkable difference compared with the normal recovery group (P \< 0.01); and \# indicated that there was a remarkable difference compared with the Tong Bian Decoction group, P \< 0.05.

3.3. Analysis of the number of fecal pellets in the colon {#s0065}
---------------------------------------------------------

The number of fecal particles in colon of rats in 5 groups was compared, as revealed in [table 1](#t0005){ref-type="table"} and [Fig. 4](#f0020){ref-type="fig"}. Compared with the rats in the normal group, the colons in the MG were larger and more circuitous, which provided more conditions for fecal residue. Therefore, there was a remarkable difference in the number of fecal particles, which was statistically remarkable (P \< 0.01). By comparing the number of fecal particles in the colon of rats in the tong bian decoction gavage group, mosapride group, and the MG, it was found that the number of fecal particles in the colon of the tong bian decoction gavage group and the mosapride group was remarkably less than that of the MG, so it was statistically remarkable (P \< 0.01). There was no remarkable difference in the number of fecal particles between the MG and the normal recovery group, so there was no statistical meaning between the two groups (P \> 0.05). However, there was a statistically remarkable difference in the number of fecal particles between the tong bian decoction gavage group and the normal recovery group (P \< 0.01). There were remarkable differences in the number of fecal particles in the colon between the mosapride group and the normal recovery group (P \< 0.01). However, there was no difference in the number of colonic fecal particles between the tong bian decoction gavage group and the mosapride group, so there was no statistical meaning between the two groups (P \> 0.05).Table 1Colon length, carbon terminal propulsion distance, and propulsion percentage in different groups of rat models ($\overline{X} \pm s$).Group classNumber of samplesTotal colon length/cmCarbon terminal propulsion distance/cmPropulsion percentageNormal group10124.03 ± 6.1178.63 ± 5.6968.31 ± 7.71MG10118.19 ± 4.1660.35 ± 4.63^A^51.12 ± 4.82^A^Mosapride group10134.08 ± 8.8293.12 ± 10.59^B^69.57 ± 6.41^B^Tong bian decoction gavage group10113.52 ± 6.0976.53 ± 7.48^B^67.31 ± 4.72^B^Normal recovery group10134.62 ± 7.1375.67 ± 4.92^CD^56.34 ± 5.63^CD^[^1]Fig. 4The number of fecal residues in different groups of rats. Note: A indicated that there was an extremely remarkable difference compared with the normal group, P \< 0.01; B indicated an extremely remarkable difference compared with the MG, P \< 0.01; C indicated an extremely remarkable difference compared with the tong bian decoction gavage group, P \< 0.01; and D indicated an extremely remarkable difference compared with the Mosapride group, P \< 0.01.

3.4. Analysis of intestinal transport function by carbon terminal propulsion experiment {#s0070}
---------------------------------------------------------------------------------------

According to the statistical analysis of the experimental results, compared with the normal group, the percentage of carbon terminal propulsion was remarkably reduced in the MG, so the difference between the two groups was statistically remarkable (P \< 0.01). Compared with the MG, the percentage of carbon terminal propulsion in the tong bian decoction gavage group and the mosapride group was remarkably increased, so the difference was statistically remarkable (P \< 0.01). Compared with the normal recovery group, the percentage of carbon terminal propulsion in the mosapride group and the tong bian decoction gavage group had statistical meaning (P \< 0.01). There was no remarkable difference in the percentage of carbon terminal propulsion in the mosapride group and the tong bian decoction gavage group (P \> 0.05), so there was no statistical meaning. Compared with the MG, there was no remarkable difference in the percentage of carbon terminal propulsion in the normal recovery group (P \> 0.05). [Table 1](#t0005){ref-type="table"} shows the comparison of colon length, carbon terminal propulsion distance, and propulsion percentage in different groups of rat models. Statistically speaking, gavage of tong bian decoction can provide power to the intestines and increase the effect of laxation ([@b0040]). However, the intestinal transport function of rats in the normal recovery group was not improved, indicating that without the intervention of drugs, intestinal transport function of rats with constipation could recover and return to normal. The results also revealed that the stability of the model was good.

3.5. Comparison of the area of positive ICC cells in the colon tissue of rats {#s0075}
-----------------------------------------------------------------------------

The staining areas of positive ICC cells in colon tissues of rats in different groups were compared, as revealed in [Fig. 5](#f0025){ref-type="fig"}. After comparison with normal rats, the staining area of positive ICC cells in the colon tissues of the MG, the tong bian decoction gavage group, the Mosapride group, and the normal recovery group was remarkably reduced (P \< 0.05). After comparison with the MG, the staining area of positive ICC cells in the colon tissues of both the tong bian decoction gavage group and the Mosapride group was remarkably increased (P \< 0.05), but there was no remarkable difference from the normal recovery group (P \> 0.05). After comparison with the tong bian decoction gavage group, the staining area of positive ICC cells in the colon tissues of both the Mosapride group and the normal recovery group was remarkably reduced (P \< 0.05). After comparison with Mosapride group, the staining area of positive ICC cells in the colon tissues of the normal recovery group was remarkably reduced (P \< 0.05). ICC is a major cell in the gastrointestinal tract that emits and transmits slow waves. It is an intermediate medium in the enteric nervous system that regulates the activity of intestinal smooth muscle. Previous studies have revealed that the number of ICC in colon and other tissues of patients with CTC is remarkably reduced after comparison with that of normal people ([@b0030]), which is consistent with the result that the positive ICC staining area in intestinal tissues of the rat model of CTC constructed in this study is remarkably lower than that of the normal group. However, in this study, the number of ICC in the intestinal tissues of rat models was increased after the administration of tong bian decoction, which indicated that tong bian decoction could effectively promote the activity of intestinal smooth muscle and thus improve constipation.Fig. 5Stained area of positive ICC cells in colon tissue of different groups of rats. Note: a indicated that there was an extremely remarkable difference after comparison with the normal group, P \< 0.05; b indicated a remarkable difference after comparison with the MG, P \< 0.05; c indicated a remarkable difference after comparison with the tong bian decoction gavage group, P \< 0.05; and d indicated a remarkable difference after comparison with the Mosapride group, P \< 0.05.

3.6. Comparison of differences of c-kit mRNA expression in colon tissue of rats {#s0080}
-------------------------------------------------------------------------------

[Fig. 5](#f0025){ref-type="fig"} shows the dissolution and amplification curves of real-time quantitative PCR products. [Fig. 6](#f0030){ref-type="fig"} shows the changes of c-kit mRNA expression in colon tissues of rats of different groups. The relative quantitative method adopted the method of $2^{- \Delta\Delta\text{Ct}}$, and the gene expression rate of normal rats was recorded as 1, the comparison was performed with reference to GAPDHA, and the gene expression rate of other groups was calculated. As can be observed from [Fig. 6](#f0030){ref-type="fig"}, the expression of c-kit mRNA in the MG was remarkably lower than that in the NG(P \< 0.01), while the expression of c-kit mRNA in the normal recovery group was remarkably lower than that in the NG(P \< 0.05). The expression of c-kit mRNA in the tong bian decoction group and the Mosapride group was remarkably higher than that in the MG (P \< 0.01). The expression of c-kit mRNA in the normal recovery group was remarkably lower than that in the tong bian decoction group (P \< 0.01), and the expression of c-kit mRNA in the Mosapride group was remarkably lower than that in the tong bian decoction group (P \< 0.05). The expression of c-kit mRNA in the normal recovery group was remarkably lower than that in the Mosapride group (P \< 0.05). This laxative mechanism promotes the regeneration and repair ability of ICC by inhibiting the autophagy of ICC, and provides power for the large intestine, so as to achieve the free movement of the bowels ([@b0010]). Although mosapride could also treat STC, its mechanism of action was independent of the regulation of ICC function.Fig. 6Changes of c-kit mRNA expression in colon tissues of rats in different groups. Note: a indicated a remarkable difference compared to the normal group, P \< 0.05; A indicated that there was an extremely remarkable difference after comparison with the normal group, P \< 0.01; B indicated an extremely remarkable difference after comparison with the MG, P \< 0.01; c indicated that there was a remarkable difference compared to the tong bian decoction group (P \< 0.05); C indicated that there was an extremely remarkable difference after comparison with the tong bian decoction group (P \< 0.01); d indicated a remarkable difference after comparison with the Mosapride group, P \< 0.05.

4. Conclusion {#s0085}
=============

The effect of tong bian decoction on colon transport function of ICC in CTC and the inhibition of autophagy of ICC were studied. The changes of water content in feces of rats revealed that the feces of constipated rats were dry and the water content in feces of STC rats could not return to normal. The data of colon detection by activated carbon method revealed that the lavage of tong bian decoction could provide power for the intestine, and the lavage of tong bian decoction could effectively enhance the colon transport function and increase the laxative effect in the rat model of CTC. Real-time quantitative PCR was used to detect the changes in c-kit mRNA gene expression, and it was found that the laxative mechanism of lavage with tong bian decoction promoted the regeneration and repair ability of ICC by inhibiting the autophagy of ICC, provided power for large intestine, so as to achieve the purpose of laxation. Although mosapride could also treat STC, its mechanism of action was independent of the regulation of ICC function.

The experimental results verify the mechanism of traditional Chinese medicine in treating constipation and regulating intestinal dynamics, which lays a certain foundation for traditional Chinese medicine in treating constipation and has certain guiding meaning for traditional Chinese medicine in treating CTC.
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[^1]: Note: A indicated that there was an extremely remarkable difference after comparison with the normal group, P \< 0.01; B indicated an extremely remarkable difference after comparison with the MG, P \< 0.01; C indicated an extremely remarkable difference compared with the tong bian decoction gavage group, P \< 0.01; and D indicated an extremely remarkable difference after comparison with the Mosapride group, P \< 0.01.
